The genotoxic effc of NO2 was investigated on somatic human chromosomes obtained from lymphocytes of45 goldsmiths exposed to 1770.5 mg/m3 NO1 in ambient air at normal temperatre and pressure and compared to an equal number of matched control breadting air containing 50 pg/m3 NOr. Short-term lymphocyte culres were set up from blood collected from both exposed and control individuals by venipuncue in heparinized sterile syringes. Mitotic We conducted an epidemiological survey using a proforma especially designed for this purpose. After obtaining consent, we performed subsequent medical examinations of subjects suffering from asthma.
aberrations, genetic hazards, genotoxicity, mitotic index, NO., satellite association, sister chromatid xchng. Environ Heakh Perpect 106:643-647 (1998). [Online 4 September 1998] hbnp://ebpnetl.niebs.nibgov.docs/d 9,98i106p643-647yadavlabstrahbml NOX (a mixture of NO2 and NO gas) is a red brown toxic gas. When inhaled through the respiratory tract and absorbed through the skin, it causes various skin diseases and respiratory problems. Based on in vitro studies, Beckett et al. (1) postulated that the environmental concentration of HNO2 is formed within the respiratory system predominantly by hydrogen abstraction, with subsequent conversion of HNO2 at physiologic pH, to H+ and NO2. Victorin (X) proposed that HNO2 formed in this way may contribute to the bronchoconstricting effects of NO2 seen in normal subjects and asthmatics. Victorin (2) also observed eye irritation just before, during, and immediately after exposure of asthmatic patients to NO.. Eye irritation was reported to be significantly higher in individuals with HNO2 exposure than in controls. Moreover NO2 levels as low as 0.5 ppm increase susceptibility to bacterial infection of lungs (4. In India, laborers are rarely aware of the potential damage that can accumulate in their genomes due to pollutants in workplaces. NO. gas, evolved from aqua regia used by goldsmiths, is such an example. When gold or silver is added to aqua regia (a mixture of HNO3 and HCR), copper and other metal impurities present in these metals are reduced with the evolution of brown fumes of NO. gas. This prompted us to screen goldsmiths for genetic damage.
Materials and Methods
This study included 45 goldsmiths exposed to NOX and 45 controls matched with respect to age, sex, smoking habits, drinking habits, and social status. Through spectrophotomety the average concentration of NOX in the workplace was found to be 1770.05 mg/m3 compared to 50 pg/m3 at normal temperature and pressure.
We conducted an epidemiological survey using a proforma especially designed for this purpose. After obtaining consent, we performed subsequent medical examinations of subjects suffering from asthma.
Short-term lymphocyte cultures were prepared from heparinized blood (heparin 500 IU/ml without preservative) according to the method of Moorhead et al. (3) , with slight modifications. Blood (0.5 ml) was added to 5 ml RPMI 1640 medium containing 20% fetal calf serum, 100 IU/ml penicillin, 100 pg/ml streptomycin, and 0.1 ml phytohemagglutinin (Sigma, St. Louis, MO). Colchicine (10 pg/ml) was added to the culture 2 hr before harvesting.
Lymphocytes were harvested after 48 hr for determination of mitotic index (MI), chromosomal aberrations (CAs), and satellite associations (SAs). Slides were air dried and stained with 4% Giemsa. As many as 100 good metaphases (well-spread metaphases showing 2N-46 and proper morphology of chromosomes) per individual were screened for CAs.
To determine sister chromatid exchanges (SCEs), we added 5-bromodeoxyuridine (10 pg/ml/culture; Sigma) 24 
Results
The epidemiological survey showed that 6 individuals out of the sample of 45 goldsmiths were asthmatic. As many as 30 persons also complained of irritation in the eyes.
The data obtained during this study are presented in Tables 1-8 . It is evident from Tables 1 and 2 that mean MI in exposed workers (9.57) was significantly higher (p<0.01) than in matched controls (5.01). It was highest in workers with an exposure period of 0-5 years. Thereafter, the MI showed a gradual decline.
We found chromosomal aberrations to be elevated in the group exposed to NOX.
Yields of aberrations in goldsmiths are presented in Table 3 , and raw data are given in Table 4 . Frequencies of all types of CAs such as dicentrics, rings, acentric fragments, chromatid gaps, breaks, and isochromatid aberrations were significantly higher in the p<0.01) than in controls (7.02). Both among exposed workers and controls, individuals who drink alcohol showed higher SCE frequency (10.30) than controls (7.31). Similarly exposed tobacco smokers showed a higher frequency of SCEs (10.31) than control smokers (7.37). The highest frequency of SCEs (11.02) was observed in an exposed worker who was both a drinker and a smoker (see Table 6 ). SCEs showed an elevation in frequencies with increase in the duration of exposure ( Table 7) . Frequencies of SAs in both exposed and control groups are shown in Table 8 . The exposed group showed more than a twofold increase in the frequency of SAs (25.97) compared to controls (12.84). DG association (one D-group chromosome and one G-group chromosome) was found to be highest (7.428%), while 3D association (three D-group chromosomes) showed the lowest frequency (1%).
Discussion
In the present study, 30 out of 45 goldsmiths complained of eye irritation. These 30 persons include 6 asthmatic workers.
We concluded that fumes of NOX cause eye irritation in goldsmiths, and the effect is 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45   na  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100   DC   2   2   2 There was a significant increase in total CAs in the exposed group as compared to the controls. Chromatid gaps were not taken into account because their significance in cytological monitoring of populations is still a matter of discussion (6) . The total chromatid aberrations were more than the total chromosome aberrations in both goldsmiths and controls. A similar elevation in CAs was reported earlier in human populations exposed to polycyclic aromatic hydrocarbons In this study, we also found a high frequency of dicentrics. Dicentrics are typical and are normally used as a dosimeter for ionizing irradiation. The present situation, however, reveals that nitric oxides are one of the few NOxs that may confound biological radiation dosimetry. Moreover, dicentrics are known to be lethal in cell proliferation, implying that carcinogenic risk, as discussed by Awa (9), originates mainly from CAs that survive cell division, the so-called stable aberrations.
The frequency of SCEs in goldsmiths was higher than in controls. Both among exposed workers and controls, alcohol drinkers and tobacco smokers showed higher frequencies. A 1-8 ppm concentration of NO2 in culture bottles for a duration of 2 hr induced SCEs (13) . Elevation in the level of SCEs in the human population exposed to PAHs, nitrosamines, carbon monoxide, and sulfur dioxide as compared to controls has also been reported (7) . The elevated SCE level in operating room personnel exposed to waste anesthetic gases (mostly halothane, nitrous oxide, and isoflurane) indicates that these gases could be possible genotoxic hazards (14) . In human populations exposed to nitrate concentrations in the range of 50-300 mg/l, no increase in SCE frequency was observed (15) . However, CAs (12, (16) (17) (18) (19) , SCEs (18) , and gene mutations (16, 20) were induced in cell cultures after treatment with high doses of sodium nitrite. 46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 Duration of exposure (years) 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 Beyond 5 years, the MI showed a slight dedine. Similar declines in MI were reported in workers exposed to S02 over 5 years (21) and in workers exposed to NH3 over 10 years (22 (25) . It has also been reported that some PAHs, which are genotoxic carcinogens, have the capability to increase cell proliferation (26, 24) . Earlier, Cohen and Ellwein (28) suggested that potential to cause proliferation is common to carcinogens, regardless of whether they have genotoxic potency.
As such, an increased proliferative/mitotic index does indicate genotoxicity/carcinogenicity of the chemical to which the cells were exposed.
We observed a twofold increase in the frequency of SAs per cell. The difference is significant and may lead to increased probability of chromosomal translocations. The frequency of DG-type associations was highest, whereas the frequency of 3D-type associations was lowest. Similar results were reported earlier for workers exposed to S02 (21) and NH3 (22) and for grape garden workers occupationally exposed to different pesticides (29) . Trezepizur et al. (30) found that chromosomes 21 and 22, which are smaller than chromosomes 13, 14, and 15, possess more extended nucleolus organizer regions; consequently, acrocentric chromosomes 21 and 22 enter into associations more frequendy than chromosomes 13, 14, and 15.
A high incidence of SAs has often been considered as a predisposition to an increased tendency of nondisjunction in satellite chromosomes and thus to the induction of D and G trisomies (5) . Klossoglu et al. (31) reported cases of increased SAs in families in which such trisomies occur. Among four families in which new cases of translocation trisomics were observed, the trisomics and their parents had an unusually high incidence of SAs (32. Hansson (5) suggested that the tendency of SA is genetically controlled and specific environments may influence the SA. In the present study, NOX in ambient air increased SA in exposed goldsmiths to twice that of controls. The controls were exposed to a background frequency of 0.266 ppb NOX, which is near international standards: World Health Organization, 0.25 ppb (33) and EPA, 0.23 ppb (34) .
Nitrous acid (HNO2) deaminates bases in DNA; this is one mechanism for direct mutagenic action. Alkylating agents are formed by nitrosation of primary amines. The formation of N-nitroso compounds from secondary amines and amides is another way for indirect mutagenic activity (35) .
Nitrite and nitrate are found in blood after inhalation of NO (36) , and nitrosated compounds are formed after inhalation of NO2 (37) . Nitrosating agents are formed in the skin when mice are exposed to 50 ppm NO2 for 4 hr; most of these nitrosating agents were derived from cholesterol and some from triglycerides via a peroxidized product (38) .
Nitrite derived from nitrate may react in vivo with amines and amides to form Nnitroso compounds, which may have carcinogenic properties. Analysis of urine samples of subjects exposed to nitrates in drinking water revealed the presence of Nnitroso compounds (39) . NO2 is also known for its potential to produce free radicals and other potent oxidizing species that may oxidize tissue unsaturated fatty acids. Tabacova (40) suspected that peroxidation of membrane lipid is a primary mechanism for the toxicity of NO2-induced lipid peroxidation in maternal tissues and is related to its embryonic effect.
NO may react intracellularly, or in the medium, with any dissolved oxygen or oxygen-derived radicals that may be generated during exposure to NOX, resulting in the formation of NO2 (41) . The combination of NO with NO2 yields a potent nitrosating agent, which has been shown to react with secondary amines to yield carcinogenic N-nitrosamines both in aqueous and lipid phase (42) . Two mechanisms for this reaction have been postulated involving either nucleophilic attack by an amine on N203 or a two-step process of radical reaction with the amine (43) . While secondary N-nitrosamines generally require metabolic activation for mutagenicity (44) , nitrosation of primary amines, as found on DNA bases, results in immediate deamination and DNA codon alteration (45) . This latter mechanism may, at least in part, be responsible for the observed mutagenic effects of NO in our system. Deamination of cytosine leads to the formation of uracil, which, if not repaired, causes a base substitution mutation. Likewise, the deamination of methylcytosine results in the formation of a thymine residue in the DNA chain, which is repairable. NO has recently been shown to alter bases in both nucleosides and DNA under aerobic conditions and at physiological pH (46, 47 
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